Anthracnose on almond: epidemiology and characterisation of Colletotrichum acutatum. by Colmagro, Suzanne F.
'\ . .;i. 
Anthracnose on almond: 
epidemiology and characterisation of 
Colletotrichum acutatum 
Suzanne F. Colmagro 
B. Ag. Sc. (Hons) The University of Adelaide, Australia 
B. App. Sc. (Physiotherapy) S.A.IT., Australia 
"", 
Thesis submitted for the degree of 

Doctor of Philosophy 

at The University of Adelaide 

Discipline of Plant and Pest Science 

Faculty of Sciences 

July 2005 










Chapter 1 Introduction .......... . ................. . ............ . ...................................................... 1 

....... ... ............. ................. ......
Chapter 2 Literature review ................ ..... ...... .... ..... . .....4 

2.1 Background ............................................................. . ...................................... 4 

2.1.1 The almond industry ....................................................................... ....... 4 

2.1.2 Anthracnose disease on almond: history, distribution and economic 
importance...... .  . ................................. . ............... .... ............... '" 
............................... 5 

2.2 The genus Colletotrichum Corda .... 8.. ..... ... .................. ...... . ............................ 

2.3 Identification and characterisation of Colletotrichum acutatum by cultural 
'" 
methods ...................................................................................................................... 9 

2.3.1 Morphology and cultural characteristics ................... ...... . . .. 10
.................

. ' .;,. 
2.3.2 Vegetative compatibility group analysis ............... . ........ .. . ....... . ........... 12 

2.4 Identification of C. acutatum using molecular methods ............ ................ . . 13 

2.4.1 Immunological identification ...................... .................. . ...................... 13 

2.4.2 DNA-based identification ........ 14
......................................................... .. . 

2.5 DNA-based characterisation of fungal plant pathogens .............................. 15 

2.5.1 Factors and mechanisms responsible for genetic diversity ...... .15
...........

2.5.2 Development of molecular markers ..................................................... 17 

2.5.2.1 Restriction Fragment Length Polymorphism analysis ..................... 18 

2.5.2.2 PCR -based methods ................ . . ............... ........................................ 19 

2.5.3 Molecular analysis of C. acutatum .................................................... .. 24 

2.6 Epidemiology of anthracnose on almond ................... . . ...............................27 

2.6.1 The disease cycle ........................................................................... ...... 27 

2.6.2 Symptoms ........................................................ ......... .... ........... ............ 29 

,.  .. 
2.6.3 Cultivar susceptibility .......................................................................... 30 

2.6.4 Main source(s) of inoculum ........ ............................................ ............ .30 

2.6.5 Pathogenicity........... ....................... ................................................ ......33 

2.6.6 Environmental factors ............ .. .......... . . . ..................... .. ............ ............34 

2.6.7 Disease management. ........................................... . . .................... .......... 36 

2.6.8 Disease development models ......... ...................................................... 38 

2.7 Summary ...................................................................................................... 40 

2.8 Research objectives ............................... ............................................... . . ......41 

Chapter 3 General materials and methods .... .................. ..... .................................... .  42 

3.1 Collection and establishment of isolates of C. acutatum .... ...... ........... ....... .42 

3.2 Fungal cultures ......... ........... ............ .... ....................... ......... ............. ....... ..... 44 

3.3 Identification of C. acutatum using PCR .................................................... .48 

3.3.1 Isolation and purification of fungal DNA ............................................ 48 






3.3.2.1 Identification of C. acutatum using genomic DNA 50............. ............ 

3.3.2.2 Identification of C. acutatum using mycelial extract ..... ... ......... ..
.... 51 
3.3.3 Conclusions. . .. .... ......... ... ......... ... ....... .... 53
.. ...... ...... ..... ... .. ........ .... .. ... ...... 

3.4 Source and maintenance of potted plants ........... ............ .. .......... ...... 54
....... .....

3.5 Confirmation of identity of almond cultivars . 55................... .. .  ...... ................. 

3.5.1 PCR using anchored dinucleotide primers . ... ... ......... ... .. 56
.......... ............ 

3.5.2 PCR using S-allele primers . 57................................................................. 

3.5.3 Conclusions 59........... ..... ........ ............ ................ .. ......... ............... ............ 

Chapter 4 Morphological and cultural variation of Colletotrichum spp. . ... 60 .. .... ...... .
4.1 Introduction .. ....... ..... ....... ... ... ..... ...... . .... .... . ...... ... .................... ......... .... ..... ... 60 

4.2 Materials and methods ....... ...... ...... .. .... .................. ... .. ....... ...... ....... ............. 61 

4.2.1 Morphological variation ... ........... ............... ...... .... ....... ............ ............. 61 

4.2.1.1 Colony characteristics and conidial morphology ... . 61.......... ............ ... 

" 
4.2.1.2 Statistical analysis 64
.. ............... ......... ... .................... .... ............... ........ 

4.2.2 Growth rate at a range of temperatures . . . ........ .............. .......... .. ..........
 . 66 

4.3 Results ...... . . .................................................................................................. 67 

4.3.1 Morphological variation ...... .. .... ...... ......... ..... .... ...... ..... . ....................... 67 

4.3.1.1 Cultural characteristics ......... ..... .... ........... .......... 67
.............................. 

4.3.1.2 Conidial morphology .................................... .................... ............... 69 

4.3.2 Growth rate at a range of temperatures .... . . 81 
. ........ .. ... ........ ... ..... ........ .. ..

4.4 Discussion ..... ... 86
...... ... ....... ................ .. .............. ... ...... ... ... .................... ......... 

Chapter 5 Genetic variation among Colletotrichum spp. .......... ........... ............. ..... .. 98 

5.1 Introduction... ... ... .... ............ ..... .... ......... ....... .... ............. .............................. . 98 

5.2 Materials and methods ..... ........... ... . 100
.... ........ .. ... ... ... ...... ... ....... .... ........ .... .. ..

5.2.1 PCR amplification .. ...... ............... ....... .. .. ........ .... ..... .... ..... ....... ........... 100 

5.3 Results........................................................................................................ 102 

5.3.1 Genetic variation of C. acutatum .... .... .... ....... ..... ................ ............... 1 02 

5.4 Discussion .................... ........ 108
........................... ...................... ..................... 

6.2.1 General materials and methods ...... ................................................... .115 

6.2.2 Pathogenicity on detached leaves .................... .... ............... . .............. 117 

6.2.2.1 Experiment L1 preliminary- .. ... .. ........ ... .... .. . .. 117
.. .... ...... ..... .... ......... 

6.2.2.2 Experiment L2 pathogenicity of C. acutatum from Australia and -
Israel ...... ......................... ...... ........ ........... ...................... .. .......... ..... .........117 

6.2.2.3 Experiment L3 pathogenicity of C. acutatum from Australia, Israel -
and California ...... ............ ......... .. .................................... ... ......... .. .... ... ...........118 

6.2.2.4. Experiment L4 susceptibility of Price and Nonpareil at different -
Chapter 6 Pathogenicity of Colletotrichum spp. 114
............ .. ........... .......... ......... .. ...... 

6.1 Introduction..... ... ....... ...... ...... .... ......... . .. ........... .......... ...... ............ ......... . ... 114
.
" 
6.2 Materials and methods ...... ....................... 115
.......... ................ ..... .............. .. ...

temperatures 119.................. ......... .................................... ... . ....... .... ............... . ..... 

6.2.3 Pathogenicity on detached fruit 119
... ... .. ........ ......... .... ...... ... .. ............... .. 

6.2.3.1 Experiment F1 preliminary... ................................ ... .. .. . 119
- .... . ........ ..

6.2.3.2 Experiment F2 pathogenicity of C. acutatum from Australia and -
Israel 
.. .............. ... ........ ......................... .... .......... ......... .. ......... .... ........ .... .. 120 

6.2.3.3 Experiment F3 - pathogenicity of C. acutatum from Australia, Israel 

and California .................................................................................................121 

6.2.3.4 Experiments F4a and F4b - susceptibility of almond cultivars and 

hybrids to C. acutatunl ..... ... .......... ....... ...... ...... ...................... ........ .... ........ ....121 

6.2.3.5 Experiment F5 - pathogenicity to almond of C. acutatum from 

almond and other hosts ..................................................................................122 

6.2.4 Pathogenicity to almond shoots - preliminary experiment ................123 

6.3 Results ........................................................................................................ 124 

6.3.1 Pathogenicity on detached leaves ......................................................124 

6.3.1.1 Experiment Ll - preliminary .........................................................124 





6.3.1.3 Experiment L3 - pathogenicity of C. acutatum from Australia, Israel 

and California .................................................................................................125 





6.3.2 Pathogenicity on detached fruit ......................................................... 128 

q 
6.3.2.1 Experiment Fl - preliminary ..........................................................128 

6.3.2.2 Experiment F2 - pathogenicity of C. acutatum from Australia and 

Israel ........................................................................................................ 129 

6.3.2.3 Experiment F3 - pathogenicity of C. acutatum from Australia, Israel 

and California .................................................................................................130 

6.3.2.4 Experiments F4a and F4b - susceptibility of almond cultivars and 

hybrids to C. acutatum .. ... ..... .. ...... .............. ... ......... ...... ... ............ .... .. ....... .. .. .132 

6.3.2.5 Experiment F5 - pathogenicity of C acutatum from almond and 
............. .......... ..... ................ . . ..... .............. .
other host plants on almond . .. . .... . 133 
6.3.3 Pathogenicity to almond shoots - preliminary experiment . . . . ...... 134
.... .. 
6.4 Discussion .................. ........................................................ .... .......... . ...... 137
. ..
Chapter 7 Epidemiology of anthracnose on almond ........... . .... .. .... .. 145
.... ....... ..... .... ..

7.1 Introduction .. . ... ..... .. ... .. .. .... ...... ............ ...... ............... . ........... 145 
... .. . ... ...... . . . . ..

7.2 Materials and methods ... ..... ............... .. . . ................... .. .......... ..... ....... . 147 
.... ....
7.2.1 Disease development in the field ................ . .................... .................. 147 

7.2.1.1 Field site ...... ............ ... .. ................ .  .... ....... .......... .............. ... ........... 147 

7.2.1.2 Monitoring anthracnose disease ..................................................... 148 

7.2.1.3 Weather data collection ..... ....... ..... ........... ........... ........................... 150 

7.2.1.4 Data analysis ....................... .......... ................................................. 150 

7.2.2 Isolation of C acutatum from plant material.. . ............................... 152
...
7.3 Results........................................................................................................ 153 

7.3.1 Disease development in the field .......................................................153 

7.3.1.1 Season 2002 ...................................................................................153 

7.3.1.2 Season 2003 ...................................................................................155 

7.3.1.3 Season 2004 ...................................................................................159 

7.3.1.4 Mummified fruit and disease incidence for all seasons ..... ............162 

7.3.1.5 Environmental variables and disease development ..... ...... ............ 164 

7.3.2 Isolation of C acutatum from plant materiaL . .... . . ................ 167
. .  ...... . . . .  

7.4 Discussion ...... .... ...... ...................... ................... . ...... .... . .  ....... .......... ......... .. 172 

704.1 Disease development in the field ....................................................... 172 

704.2 Isolation of C. acutatum from plant material..................................... 178 

7.5 Summary .................................................................................................... 182 

Chapter 8 General Discussion ................................................................................ 184 

Appendix A (media and reagents) .. . 194.......... .................................................... ............ 





In Australia, anthracnose on almond is caused by the ascomycete fungus Colletotrichum 
acutatum. Anthracnose has been confirmed throughout the major almond growing regions of 
Australia and significant economic losses have been reported. Fungicide trials carried out in 
Australia in 2000, prior to this project, yielded variable results that differed from those 
achieved in California. Two subpopulations of C. acutatum from almond have been reported 
in California, whereas one clonal population of Colletotrichum sp. from almond has been 
described in Israel, which differed from the subpopulations of C. acutatum in California. A 
collection of isolates of C. acutatum from almond in Australia was established. The isolates 
were characterised with respect to morphology, genetic variation and pathogenicity to 
detached plant tissues, and compared to representative isolates of Colletotrichum sp. from 
California and Israel. Plant material was cultured at regular intervals for isolation of C. 
acutatum to determine which tissues were likely to be the main sources of inoculum. The 
development of anthracnose on almond was monitored in the field for three successive 
growing seasons and relationships with weather data examined to elucidate the environmental 
conditions that are most conducive for disease . 
• 't 
There was considerable variation among isolates of C. acutatum from almond in Australia in 
terms of morphological and cultural characteristics. However, three main morphotypes were 
evident, namely pink, orange and cream colony colour. In general, isolates of C. acutatum 
from Australia were more similar morphologically to the pink subpopulation of C. acutatum 
from California than to the grey subpopulation from California and the isolates of 
Colletotrichum sp. from Israel. 
Isolates of Colletotrichum sp. from almond in Australia were confirmed as C. acutatum by 
means ofPCR with C. acutatum-specific primers. Subsequently, genetic variation was 
investigated using PCR with inter-simple sequence repeat primers, and the data were 
clustered using UPGMA. All isolates of C. acutatum from almond in Australia, except for 
one, shared 100% genetic similarity to one another, suggesting that the population of C. 
acutatum from almond was likely to be largely clonaL The isolates of C. acutatum from 
almond in Australia were genetically distinct from the isolates of the pink and grey 
subpopulation of C. acutatum from almond in California and from the Colletotrichum sp. 
from almond in IsraeL 
Pathogenicity experiments on detached leaves and fruit revealed pathogenic variation among 
representative isolates of C. acutatum from almond in Australia, California and Israel, 
however, all isolates tested caused disease symptoms. The susceptibility of the main almond 
cultivars grown in Australia was examined by inoculating detached leaves and fruit with 
isolates of C. acutatum from almond in Australia, California and Colletotrichum sp. from 
IsraeL The results were inconclusive, and further research is needed to develop a rapid and 
reliable screening method to assess cultivar susceptibility. 
The isolation of C. acutatum from almond tissues monthly for one year suggested that 
mummified fruit, peduncles and woody tissue were potentially significant sources of primary 
inoculum. These findings support the recommendation that the removal of mummified fruit 
and associated woody tissue may reduce inoculum potential and subsequent disease. 
Correlating disease incidence in the field with weather data showed that rainfall early in the 
growing season appeared to be important in the development of anthracnose. Infection of 
almond tissues occurred when fruit was young, and disease incidence did not increase beyond 
November in two out of the three years during which disease was monitored. Disease 
progress curves and relative area under the disease progress curve data showed significantly 
greater disease incidence on Price than Nonpareil, whereas the apparent rate of infection for 
Nonpareil and Price was similar for 2002 and 2003. On balance, these results suggested that 
there was little difference in susceptibility between Price and Nonpareil, but disease incidence 
may differ due to other factors, such as timing of fruit set, however, further investigation is 
needed to substantiate this. These results endorse the current recommendation that 
preventative fungicide sprays commence early in the growing season, however, sprays may 
not be necessary beyond November. 
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